We have analyzed in a systematic way about nine years of INTEGRAL data (17-100 keV) focusing on Supergiant Fast X-ray Transients (SFXTs) and three classical High Mass X-ray Binaries (HMXBs). Our approach has been twofold: image based analysis, sampled over a ∼ks time frame to investigate the long-term properties of the sources, and lightcurve based analysis, sampled over a 100 s time frame to seize the fast variability of each source during its ∼ ks activity. We find that while the prototypical SFXTs (IGR J17544-2619, XTE J1739-302 and SAX J1818.6-1703) are among the sources with the lowest ∼ ks based duty cycle (<1% activity over nine years of data), when studied at the 100 s level, they are the ones with the highest detection percentage, meaning that, when active, they tend to have many bright short-term flares with respect to the other SFXTs. To investigate in a coherent and self consistent way all the available results within a physical scenario, we have extracted cumulative luminosity distributions for all the sources of the sample. The characterization of such distributions in hard X-rays, presented for the first time in this work for the SFXTs, shows that a power-law model is a plausible representation for SFXTs, while it can only reproduce the very high luminosity tail of the classical HMXBs, and even then, with a significantly steeper power-law slope with respect to SFXTs. The physical implications of these results within the frame of accretion in wind-fed systems are discussed.
INTRODUCTION
The INTErnational Gamma-Ray Astrophysics Laboratory, INTE-GRAL (Winkler et al. 2003 (Winkler et al. , 2011 , is a medium sized ESA mission successfully launched in 2002. Thanks to its large field of view, sensitivity at hard X-rays and observing strategy, it is optimized to surveying the hard X-ray sky. It has currently discovered about six hundred new sources 1 . Among these, several display extreme transient behavior, with recurrent bright X-ray flares (reaching peak luminosities around 10 36 -10 37 erg s −1 ) of short duration (from a few minutes to a few hours, Sguera et al. 2005; Negueruela et al. 2006a) . These luminous and brief X-ray flares compose major outbursts lasting a few days (with the brightest accretion phase typically lasting ∼ one day or less; Romano et al. 2007 ), spaced by a very variable time interval, ranging from a few weeks to several months (e.g. Blay et al. 2008) .
These hard transients, optically associated with early-type su-pergiant companions, were called Supergiant Fast X-ray Transients (SFXTs). SFXTs are High Mass X-ray binaries (HMXBs) hosting a compact object, normally a neutron star, accreting mass from the wind of the supergiant donor which under-fills its Roche lobe (see Sidoli 2013 , for a recent review). The most controversial issues related to SFXTs deal with two aspects: the physical mechanism producing their sporadic transient X-ray emission during outbursts (which remain unpredictable, except for the periodic SFXT IGR J11215-5952, Sidoli et al. 2006) ; the link with more classical HMXBs, discovered in the early days of X-ray astronomy, where the X-ray emission is persistent (e.g. Vela X-1, 4U 1700-377).
In orbit since 2002, INTEGRAL allowed us to build a large database (Paizis et al. 2013 ) which enables a statistical approach to explore the SFXT extreme phenomena and their link to the more classical HMXBs.
In this paper, we used the long based INTEGRAL archival data of all known SFXTs to fully characterize for the first time their hard X-ray (17-100 keV) transient emission, by means of the cumulative luminosity distribution of their SFXT flares. We compared their luminosity distribution with those of three classical HMXB (1) Negueruela et al. 2006b ; (2) ; ( Romano et al. 2009; (20) (21) Levine & Corbet 2006; (22) Sguera et al. 2007; (23) Coe et al. 1996; (24) Goossens et al. 2013; (25) Clark et al. 2010; (26) La Parola et al. 2010; (29) Leyder et al. 2007; (30) (31) Lorenzo et al. 2010; (32) Masetti et al. 2006; (34) Sidoli et al. 2006; (35) Sidoli et al. 2007; (36) Swank et al. 2007; (37) Ankay et al. 2001; (38) Megier et al. 2009; (39) Hong & Hailey 2004; (40) McClintock et al. 1976; (41) Cox et al. 2005; (42) Marshall & Ricketts 1980; (43) Makishima et al. 1984. systems, two persistent and one transient. The sources studied in this work and their main properties can be seen in Table 1 . For clarity, we classified the sources considered in the present study into various sub-types ("prototypical", "intermediate", "less explored", and "periodic"), depending on the source properties found in the literature. With "prototypical SFXTs" we mean the SFXTs which have displayed in the past a very high dynamic range (ratio between the flares luminosity at their peak and the quiescent luminosity), exceeding 10 3 ; with "intermediate SFXTs" we mean the SFXTs with a much lower dynamic range of about two orders of magnitude (e.g. Sguera et al. 2008) . We designate "less explored SFXTs" the sources poorly studied in the previous literature, while with "periodic" we mean the only SFXT with a strictly periodic flaring behaviour, IGR J11215-5952 (Sidoli et al. 2006 ).
DATA ANALYSIS: AN INTEGRAL ARCHIVE
The INTEGRAL payload consists of two main gamma-ray instruments, the spectrometer SPI (Vedrenne et al. 2003 ) and the imager IBIS (Ubertini et al. 2003) , covering the 15 keV -10 MeV band. IBIS is a high angular resolution gamma-ray imager optimized for accurate point source imaging and for the continuum and broad line spectroscopy. It consists of two layers, the lower energy one (IBIS/ISGRI, 15 keV -1 MeV, Lebrun et al. 2003 ) and the higher energy one (IBIS/PICsIT, 0.175-10 MeV, Labanti et al. 2003) . Co-aligned with SPI and IBIS are two X-ray monitors JEM-X (4-35 keV, Lund et al. 2003) and an optical monitor OMC (500-600 nm, Mas-Hesse et al. 2003) . At the time of writing a total of about ten years of data have become public and are available to the scientific community. In order to increment and ease our exploitation of INTEGRAL data, we undertook the task of preparing and maintaining an INTEGRAL archive (Paizis et al. 2013 ). The scripts we have used to build it are publicly available 2 . The data used in this study span from revolution 0026 to 1159 , i.e., December 2002 -April 2012 . A detailed description of the data analysis and products is given in Paizis et al. (2013) . Here only the main information is given, for completeness. INTEGRAL data are downloaded from the ISDC Data Centre for Astrophysics and a customized analysis using the OSA 9.0 software package 3 is routinely performed on the IBIS/ISGRI data. IBIS is a coded aperture imaging system. In such systems, the source radiation is spatially modulated by a mask of opaque and transparent elements before being recorded by a position sensitive detector. This enables simultaneous measurement of source plus background (through the mask holes) and background fluxes (through the opaque elements). To optimize sky image reconstruction, mask patterns are designed so that each source in the field of view results in a unique shadowgram on the detector. The image reconstruction (deconvolution) is based on a correlation procedure between the recorded image and a decoding array derived from the mask pattern (Goldwurm et al. 2001 (Goldwurm et al. , 2003 . The scientific products include individual pointing images (pointing duration ∼ ks) and the associated detected source lists in the selected energy bands. Hereafter we refer to the image deconvolution results as to IMA results. Once the positions of the active sources of the field are known from the IMA step, their fluxes are extracted for each pointing in predefined energy and time bins. This extraction is based on simultaneous fitting of source and background shadowgram models to detector images. Hereafter we refer to the lightcurve extraction results as to LCR results. The scientific products obtained in our analysis include individual pointing images and the associated detected source lists in the 17-30, 30-50, 17-50 and 50-100 keV energy bands (IMA results), as well as light-curves binned over 100 s in the 17-30 keV band for sources detected in the images (LCR results).
We consider a 5σ detection threshold in the IMA step (in each band), and a 3σ detection threshold in the LCR one (where we know the source to be active from IMA ). For SFXTs alone, as a cross-check, we have extracted IMA results in the 22-50 keV band as well, to make sure that the instrumental low threshold fluctuations do not introduce any kind of bias in our results.
In this work we show the overall behaviour of the selected sources in the hard X-ray domain spanning over about nine years, mapping the behaviour of the sources in two time-frames: pointing basis (∼ ks, IMA results) and light-curve basis (100 s, LCR results). We have considered only the pointings (or Science Windows, hereafter ScW) in which the sources were within 12
• from the centre. Indeed, at larger off axis angles the IBIS response is not well known and strongly energy dependent, hence systematic flux variations may be introduced 4 . A quick glance at the data between 12-20
• is however included in section 3, for completeness. Besides the sources shown in Table 1 , we include the results from the Crab source, that we consider like the "point spread function" of our archive, to check for the consistency of our analysis.
DETECTIONS AND DUTY CYCLES

IMA results (∼ks sampling)
In Table 2 we present our results from the IMA step. The total exposure time for which each source was within 12
• is given, together with the exposure time (and number of ScWs) in which the source was found to be active in each band (IMA significance >5). Most sources have the highest detection rate in the 17-50 keV band, hence this band is the best one to investigate the duty cycles of 1 Duty cycle (i.e. percentage of source activity computed using the exposure times of Table 2 ).
SFXTs in hard X-rays. Table 3 shows the computed duty cycles for the sources in our sample. We have included the 17-30 keV band as well, for comparison.
LCR results (100 s sampling)
Once a source is detected in the imaging part, i.e. active in a ScW, a lightcurve with a 100 s binning is also extracted in the 17-30 keV band. In Table 4 we present our results from the light-curve step. The number of 100 s bins in which the source was within 12
• (and active in IMA ) is given, together with the number of bins in which there is at least a 3 σ detection in a single 100 s bin. The duty cycles (i.e. percentage of source activity at the 100 s level) are also shown. We note here that the results from the light-curve step show the short term variability when the source is active at the ScW level, hence the duty cycles given are not with respect to the whole nine year archive, but with respect to when the source was active in the IMA step (e.g. XTE J1739-302 is detected 27.3% of the times in 100 s bins during its IMA activity).
The outer part of the field of view
Since spectral analysis and conversion to luminosities are involved in our work, we decided to present our results only within 12
• , where the IBIS/ISGRI response is better known and where the signal to noise reconstruction is cleaner. A detection of a source beyond 12
• , i.e. in the most extreme part of the detector, could be fake and in an archival approach such as ours, it could be misleading. Nevertheless, for completeness, we briefly report here the de- (1) Not all bins have exactly 100 s (the last bin of each ScW will be less), hence the correct exposure times of the source within 12 • are to be taken from Table 2 . • . The number of ScWs in which the sources are detected at least at 5σ in the 17-50 keV band between 12
• and 20
• in the images are as follows: 14 for IGR J18483-0311, 12 for SAX J1818.6-1703, 5 for IGR J16479-4514, 2 for XTE J1739-302, 2 for IGR J17544-2619, 1 for IGR J16418-4532, 1 for IGR J11215-5952, 1 for IGR J18450-0435, and 0 for IGR J16465-4507, IGR J08408-4503 and IGR J18410-0535. A detailed analysis of these pointings to assess their true nature is beyond the scope of this paper. The same 12
• radius choice is applicable to the LCR part. Indeed, once we consider a 20
• radius, we obtain luminosity distributions unrealistically stretched towards very high luminosities: the Crab distribution is detected at more than 3σ up to 1×10 37 erg s −1 .
FROM COUNT-RATES TO LUMINOSITY
Conversion factors from IBIS/ISGRI count-rates to X-ray luminosities (in the same energy range) have been derived from the analysis of IBIS/ISGRI spectra. We have extracted spectra from seven ScWs (or less for the two sources where seven detections were not reached) in which each source was within 12
• from the centre and detected above 5 sigma in the IMA step. We verified that the spectra of these sources did not show strong evidence for variability and fitted the average spectra to obtain reliable conversion factors from source count-rates to X-ray fluxes, in the same energy range. Different kinds of models have been adopted, in order to get a good deconvolution of the average spectra. We assumed the appropriate source distances to obtain the relative luminosities in each energy range. The final conversion factors for each band and the distances used are given in Table 5 . We note that the main uncertainty in this process is relative to the source distances.
CUMULATIVE LUMINOSITY DISTRIBUTIONS
Merging the results shown in the two previous sections, for each source we built the complementary cumulative distribution function (hereafter, only cumulative distribution) of the obtained X-ray luminosities. In each point of these functions, at a given luminosity LX the sum of all events (detections) with a luminosity larger than LX are plotted. The advantage of the cumulative distributions is that there is no need to arbitrarily bin the data, enabling a comparison between the different sources and avoiding loss of information.
Figures 1 to 4 show the resulting cumulative distributions for all the sources of our sample, in all the extracted bands. Each curve has been normalized to the total exposure time for which the source was within 12
• . The source duty cycles, i.e. the percentage of time where the source is active with respect to the whole database, can be seen in each plot as the highest value in the y-axis, and is given in Table 3 for the 17-50 and 17-30 keV bands. As can be seen, SFXTs have a few percent duty cycle and are very soft, basically disappearing in the 50-100 keV band (Figure 4) .
In these plots, a perfectly constant source detected by an ideal detector would result in a vertical line. In our case, we see that the Crab source has a deviation from the straight line, towards lower luminosities. This is due to the combination of two effects: instrumental and intrinsic to the source. In a nine year operational period, IBIS/ISGRI response has changed, hence the resulting Crab lightcurve is not constant. The overall Crab count rate trend in 17-30 keV as obtained from the IMA analysis can be seen in Figure 5 , right panel, in black. This effect, however, is clearly visible in the Crab because it is very bright, while it is washed away by the statistics in the other sources. Our overall observed variability (i.e. deviation from a vertical straight line in Figures 1 to 4 ) also includes the intrinsic ∼7% flux decline that has been observed in the hard X-ray emission of the Crab, independently confirmed by several instruments, including IBIS in the 15-50 keV band (Wilson-Hodge et al. 2011 ). In the cumulative distributions no time information is retained, hence we cannot disentangle the two variabilities (instrumental versus intrinsic).
Comparing slow and fast variability
To have a better feeling of how the obtained distributions change according to the binning chosen (∼ ks versus 100 s in 17-30 keV), we show some examples where we plot in the same diagram the two different curves belonging to the same source. Figures 5, 6 and 7, left panels, show the Crab, IGR J16479-4514 and IGR J17544-2619, respectively. As it can be seen, in the case of the Crab the two curves (black for ScW IMA, and green for 100 s LCR ) basically overlap. This is because the Crab is bright and stable, hence if we look at its lightcurve ( Figure 5 , right panel), we see that the distribution of the 100 s rates (green) is about symmetrically placed around the obtained, average, ScW value (black). Furthermore, the finer binning has a larger statistical scatter and this results in a broader coverage of the corresponding distribution, visible in the left panel. We note that in the LCR based distribution, unlike the IMA based one, the Crab has a small high energy tail that deviates towards higher luminosities. This is due to six 100 s bins (out of a total of 68246) that reach about 250 counts s −1 (Figure 5 , right panel, in green). We expect the Crab to be the worst case scenario and even here the percentage of bins that deviate is negligible.
For IGR J16479-4514 and IGR J17544-2619, the two cumulative distributions do not overlap (Figures 6 and 7, left panels) . Indeed the 100 s cumulative curves (green in the left panels) lie at higher luminosities than those obtained from the ScW average (black). This is because the sources are fainter and lie closer to the detection threshold, hence, the bins in which we consider a detection, > 3σ, are the brightest in the corresponding light-curves (green in the right panels). On the contrary, the bins with detection lower than 3σ are rejected (shown in red) and are not included in the LCR curves of the left panels, but they still contribute to build the average IMA value (black). While the shift of the cumulative distributions to higher luminosities (increasing x-axis) from IMA to LCR is due to the 3σ selection effect, the shift towards a higher percentage (increasing y-axis) is due to the fact that the LCR duty cycles are not with respect to the whole nine year archive, as IMA, but with respect to when the source was active in the IMA step (i.e. LCR duty cycles are higher than the IMA ones).
SFXTS, A NEW EXTRACTION IN 22-50 KEV
We initially adopted a low energy boundary of 17 keV to maximize the detections with IBIS/ISGRI. However, the efficiency of IBIS/ISGRI fluctuates with the lower energy threshold, so that the detector response is not stable. In the case of the SFXTs of our sample, about 80% of the detections occur before revolution 848, where the low energy threshold (LT) of IBIS/ISGRI fluctuates between about 16 and 19 keV (Caballero et al., 2012) hence for our purposes, the IBIS response can be considered basically stable. For the remaining 20% of our detections, the efficiency of IBIS/ISGRI is not optimal in our chosen energy range and we may be underestimating the detected fluxes. We do not expect this to impact in an important way the results shown up to now: IMA and LCR results have been compared in the same band, the majority of our detections are before the increase of the LT, and we use the wide and most efficient 17-50 keV energy band to compute the duty cycles. In any case, the effect of the LT increase in IBIS/ISGRI is to eventually miss some detections in the 20% portion of the data where the LT is between 20 and 22 keV.
We note, however, that since we intend to discuss the cumulative luminosity distributions, as a cross-check we have re-analyzed all the ScWs for which the SFXTs have been detected in the 17-30 or 17-50 keV band, extracting images in the 22-50 keV band. Our results are hence free from LT fluctuations, but many detections are lost since we are not considering the 17-22 keV bit anymore (20% of the detections less than the 17-50 keV range). Since this analysis considers a subsample of the whole archive (656 ScWs versus the complete archive, currently 90491 ScWs), the duty cycles for this IMA step are arbitrary and will not be discussed any further. A global view of our results is given in Table 6 while the newly extracted SFXT luminosity distributions are discussed Section 7. We anticipate here that, besides the percentage of detections, there is no qualitative difference between the 17-50 keV and 22-50 keV results, as far as our discussion is concerned. Table 2) . The duty cycles, the highest values in the y-axis, are with respect to the whole archive and are given in Table 3 for the 17-30 keV band shown here and for the 17-50 keV band shown in Figure 3 . Cumulative luminosity distributions of SFXTs 7 Table 5 . Conversion factors from count-rates (counts s −1 ) to luminosities (erg s −1 ). No value ("-") means that the source was never detected in the given energy band (namely 50-100 keV, see Table 2 ); "n/a" means that the source was not extracted in the given band (only SFXTs have been extracted in 22-50 keV, see section 6). (1) We provide the exposure time, as well as the number of ScWs (#scws), in which an IMA significance >5 is obtained. Crab lightcurve in the 17-30 keV band. Black: "good " rate and error bars from IMA step (i.e. ∼ks bin detection above 5σ and off axis angle < 12 • ). Green: "good" rate and error bars from the LCR step (i.e. 100 s bin detection above 3σ within the "good" IMA ScWs). Red: "bad" rate and error bars from LCR step (i.e. detection below 3σ). 
CHARACTERIZING THE CUMULATIVE DISTRIBUTIONS
After building the cumulative distributions, we tried to characterize them in a more quantitative way, modeling them with a power-law. Note that a striking feature is present in the cumulative distributions, i.e. a low luminosity turn-over. In the case of SFXTs, this is due to the missing detections of faint flares near the sensitivity threshold of the detector, and is often observed in cumulative distributions in many different contexts (Clauset et al. 2009 ). This implies that the sampling is not complete near this low luminosity cutoff, and that only data points lying above a so-called truncation point can be considered in the estimation of the best power-law slope.
Sometimes, at the high end of the luminosity distribution, a turn-over is observed as well. This can be due to a "finite" size scaling caused by the fact that the system has a finite length scale (a maximum luminosity in this case). Alternatively, it can be due to the fact that nine years of observations are not enough to catch the most extreme flares and cover all the statistics of the flaring activity from a given SFXT. This implies that the upper end of the SFXTs luminosity distributions is affected by larger uncertainties, because a few extreme events can significantly change the high luminosity tail.
To evaluate the power-law slope of the SFXTs cumulative distributions, we restricted our analysis to the energy band 17-50 keV (IMA results), to take advantage from the wider energy coverage and statistics (and to 22-50 keV for comparison). We adopted a Maximum-Likelihood Estimation (MLE) of the power-law slope from a subsample of data points above a truncation point, different for each source (Crawford et al. 1970) . Since the resulting powerlaw slope is strongly dependent on the assumed lower bound, we obtained the best truncation point empirically, by optimizing the Kolmogorov-Smirnov (KS) goodness-of-fit statistics (Clauset et al. 2009): for each source, at first a truncation point for the lowest luminosity value in the cumulative distribution is assumed; then a MLE method has been applied to obtain the power-law slope and a KS test is performed. This loop is repeated increasing the value of the truncation point. Finally, we chose as the correct value for the truncation point the one which makes the probability distributions of the measured data and the best-fit power-law model as similar as possible above that particular truncation point.
The results obtained with this method are reported in Table 7 for all the sources except the two that have too few detection (the less explored SFXTs, IGR J16465-4507 and IGR J08408-4503). We list the final truncation point adopted for each cumulative distribution, the number of data points used (together with the initial total number of data points) and the best power-law slope obtained. The corresponding KS probability is also listed. Figure 8 shows some examples of power-law fits to the cumulative distributions for the three typical cases: single power-law fit for most of the data (after the truncation point, upper panels), two power-law fit for most of the data (after the truncation point, lower left panel) and single power-law fit for a very limited fraction of the data (the high energy tail, lower right panel).
In Figure 9 we show the power-law slopes that better model the cumulative luminosity distribution functions in the energy range 17-50 keV (black crosses) and in the energy band 22-50 keV (red squares). For classical HMXBs we have only the results in the 17-50 keV range. A very good agreement is found between the powerlaw slopes estimated in the two IBIS/ISGRI energy bands. Hence the effect of the instrumental LT fluctuations up to 22 keV plays a role in the percentage of detections alone, with no further bias involved.
We note also that in case of SFXTs, a good fit with a powerlaw is obtained considering a large subsample (>80%) of the original data points (SAX J1818.6-1703, IGR J18410-0535 and IGR J11215-5952; in this latter source 100% of the data points follow a power-law model). The classical HMXBs however, behave very differently: a power-law model is a good fit only for the high luminosity tail of the distribution (involving less than 0.5%, 1.6% and 20% of the total data points for Vela X-1, 4U 1700-377 and 4U 1907+09, respectively). We note that their power-law slope is always around 4. Apart from IGR J18450-0435, for which the sample is small and the uncertainty on the power-law slope is large, the source IGR J18483-0311 also displays a behavior which shares some similarity with the classical HMXBs: its cumulative distribution appears to show a break at about 6.7×10
35 erg s −1 , with a slope of 2.28±0.26 before it (more in line with the flatter power-laws shown by other SFXTs) and a slope of 4.06±0.97 above it (compatible with the tail in the classical HMXBs). This quantitatively confirms the intermediate character of this SFXT .
We are aware that for some sources the sample used for MLE of the power-law exponent is small, and that a high KS probability does not imply that the data are truly drawn from a power-law distribution. However, these quantitative estimations confirm and better quantify what was already evident from the visual inspection of the cumulative distributions: SFXTs are more power-law like (and with a flatter slope) in their cumulative luminosity distributions with respect to the classical HMXBs, with SAX J1818.6-1703 and IGR J12215-5952 being the best cases of power-law like distribution.
Since the luminosity distributions of 4U 1700-377 and Vela X-1 are completely different from those shown by other sources, and since the power-law fit in their case can account for only the high luminosity tail, we tried to fit their 17-50 keV curved shape with the cumulative distribution expected from a lognormal function. Indeed, a log-normal function was found to fit well the X-ray brightness distribution of Vela X-1 by Fürst et al. 2010, using INTEGRAL data (20-60 keV) . In our case, MLE of the parameters of the cumulative distribution for a log-normal function resulted in a median luminosity of 1.2×10 36 erg s −1 and 1.1×10 36 erg s −1 (with a multiplicative standard deviation, σ, of 0.542 and 0.688) for Vela X-1 and 4U 1700-377, respectively (Figure 10 ). The best truncation points for the two cases were 2.75×10
35 erg s −1 (Vela X-1, implying 1909 out of 1970 data points) and 2.67×10
35 erg s −1 (4U 1700-377, implying 4903 out of 5285 data points). Note however that in our case a log-normal can be rejected (KS probability of 0.408 and 0.0225 for Vela X-1 and 4U 1700-377, respectively). Indeed, although a log-normal may be a plausible representation of data spanning a short period of time (as in Fürst et al. 2010 , INTEGRAL revolutions 0433-0440), this is not the case when a wider database is considered (as in this work, where Vela X-1 detections spanning revolutions 0028-1138 are considered). This can be explained by the presence of long-term trends in nine years of INTEGRAL data, trends that are clearly visible in the case of persistent and bright sources (such as Vela X-1 or the already discussed Crab), but buried within the highly variable emission and more sporadic detections of SFXTs.
We will not discuss this further, since the detailed investigation of the exact shape of the cumulative distributions in these two persistent sources is beyond the scope of our paper.
DISCUSSION
IBIS/ISGRI is able to catch bright SFXT flares that represent the most extreme events in HMXBs hosting neutron stars. The temporal profiles of SFXT flares are usually very complex (e.g., Sidoli 2010) so it is problematic to define an X-ray flare given also the ambiguity in clearly separating overlapping single flares. Since time scales of flare durations are roughly consistent with a ScW duration, we decided to consider the single IBIS/ISGRI detections on ScW level (IMA results; ∼ ks sampling) as a good representation of SFXT flares. SFXT flares are intermittent with a duration much shorter than the time interval between two adjacent major outbursts (typically a few months). An outburst is composed of several flares with different peak luminosity, duration, and temporal profile. Their occurrence cannot be a priori predicted, except for the periodic SFXT IGR J11215-5952 (Sidoli et al. 2006) , where the periodically recurrent outbursts are believed to trace the orbital period of the system. Using the whole INTEGRAL archive available to date (spanning about nine years), we have built the cumulative distributions of the luminosity of all known SFXTs, and compared them with classical HMXBs. For the first time, we have quantitatively characterized such distributions for the SFXTs, deriving their duty cycles, dynamic range, and typical luminosity in bright flaring activity. Indeed, the cumulative distributions show many aspects of the behaviour of sources at hard X-rays, when comparing SFXTs to the other three HMXBs. In Figure 3 we have shown the cumulative luminosity distributions at IMA level in the energy range 17-50 keV, which is the most comprehensive (and with the best statistics) at IMA level. On the x-axis the range of variability (the dynamic range as observed by IBIS/ISGRI) covered by each source is evident, together with the threshold in X-ray luminosity above which INTEGRAL can observe each source, assuming that the distances are correct. On the y-axis, the percentage of time spent above the threshold of detectability by the different sources can be derived. Clearly different behaviors can be seen from these cumulative distributions. Vela X-1 and 4U 1700-377 are always detected except than during X-ray eclipses or the socalled "off-states" (Kreykenbohm et al. 2008 (Doroshenko et al. 2012 ).
Orbital and super-orbital modulations of the source X-ray light curves could, in principle (as any other periodic or aperiodic trend), affect the shape of the cumulative luminosity distributions. However, considering both the nature of the sources in our study and the INTEGRAL sensitivity (able to catch only the bright flares), the effect of the amplitude of the orbital and super-orbital modulations is negligible when compared to the X-ray luminosity variability produced by the SFXTs X-ray flares. A similar conclusion holds also for the cumulative luminosity distributions of persistent HMXBs, but for a different reason: here the orbital modulations are due to the presence of X-ray eclipses, during which the sources are not detected with INTEGRAL, so that the eclipses do not produce any effect in the cumulative distributions.
The sources with the lowest IMA based duty cycle are confirmed to be the prototypical SFXTs together with some less explored SFXTs and the periodic SFXT IGR J11215-5952.
5 However, when we consider the short-term variability (100 s, Table 4 ) we note that the prototypical SFXTs are detected more than 20% of the times, while the intermediate ones reach about 14% at most (17% at most for the less explored SFXTs). This result holds also if we increase the LCR detection threshold to the more conservative 5σ level, with the the prototypical SFXTs being around 8% and the remaining (intermediate and less explored) SFXTs being below 1% (the only exception being IGR J08408-4503 that reaches 6%). This result does not depend on the number of detections in the IMA step (i.e. more detections in IMA resulting in more detections in LCR ), since, for example, IGRJ 16479-4514 has 111 detections at a ScW level (Table 2 ) and an 11% of detections in LCR (Table 4) , while XTE J1739-302 has only 70 detections at a ScW level and about 27% of detections in LCR. Furthermore, this difference is unlikely due to statistics alone (i.e. the brightest sources having the highest detection percentage in 100 s) since, as can be seen from Table 2 , there is not a clear and linear behaviour in the sources, e.g. IGR J18410-0535 has an IMA average count-rate of 8±0.3 counts s −1 and an LCR detection of 17%, while IGR J16418-4532 has an IMA average rate of 9±0.3 counts s −1 and an LCR detection of 7%. Hence it is likely that we are seeing a real difference within the sub-groups of SFXTs: when investigating how the 100 s bins are distributed within the "good " ScWs, we find that the intermediate SFXTs seem to be more constant, with most weak bins giving the detection in a ScW, while the prototypical ones are more variable, with more flaring bins that lead to the detection at a ScW level.
The cumulative distributions of most of the SFXTs analyzed here can plausibly be considered to follow a power-law function. The power-law slope of the cumulative distributions for the three prototypical SFXTs also agrees with what previously found with PCA/RXTE data (Smith et al. 2012) . Although Smith and collaborators perform only a rough estimate of the power-law (slope of 1.5, with no uncertainty), the slopes we found for the three prototypical SFXTs at hard X-rays with INTEGRAL seem to be consistent with the power-law like luminosity distribution derived at soft X-rays (2-10 keV). Although the X-ray luminosity range covered by SFXTs in our study is about two orders of magnitude, being the luminous outbursts covered, a plausible fit with a power-law of their cumulative luminosity distributions is reminiscent of SelfOrganized Criticality (SOC) Systems (e.g. Aschwanden 2013 and references therein). A SOC (Bak et al. 1987 ) is a system which naturally and perpetually evolves into a critical state where a minor event can start a chain reaction leading to a catastrophe, like in a sandpile, where even though sand is uniformly added to the pile, the amount of sand falling from the pile can greatly vary with time, giving rise to unpredictable "avalanches" when a certain instability threshold is reached. Several phenomena, not only in nature but also in human systems, are believed to behave like SOC systems: earthquakes, landslides, solar flares, forest fires, lunar craters (e.g. Newman 2005 ).
The power-law scaling of SFXTs cumulative luminosity distributions, a necessary but not sufficient condition for a SOC system, is remarkable. We suggest that SFXTs flares can be possibly considered as "avalanches" in SOC systems, which are triggered when a critical state is reached. In our case, accretion can be interpreted as the slow and steady driver towards the critical state required to the SOC system to produce the avalanche.
Recently, Shakura et al. (2012) proposed a new model to explain quasi-spherical accretion of matter in HMXBs with neutron stars (NS) and supergiant companions, and it has been successfully applied to SFXTs by Drave et al. (2014) . In this model, if the source is in a low luminosity state (<3-5×10
35 erg s −1 ), the wind matter captured by the NS within the Bondi radius cannot efficiently cool down by Compton processes; a hot shell forms between the Bondi radius and the magnetospheric radius, accumulating above the NS magnetosphere. This matter penetrates the magnetosphere only if it is able to cool down to a critical temperature, so that RayleighTaylor instability can allow high accretion rates onto the NS. When this critical temperature is reached, if a considerable amount of matter has already accumulated in the hot shell, it can suddenly accrete onto the NS producing SFXTs outbursts. In this respect, we suggest that this critical temperature can act as the threshold needed to start the intermittent "avalanche" in a SOC system. This is very different from the persistent and bright HMXBs case, where a high photon flux allows the matter to efficiently cool down thanks to Compton cooling, maintaining high accretion rates.
CONCLUSION
We used about nine years of publicly available INTEGRAL observations to study in a systematic way all known SFXTs and three classical HMXBs. We have built the cumulative luminosity distributions and, for the first time for SFXTs, we have quantitatively characterized them. We derived duty cycles, dynamic ranges, slow versus fast variability properties and typical luminosities during bright flaring activity.
We characterized the cumulative luminosity distributions with a power-law model. We found that the X-ray luminosity range where the model is a plausible representation of the data is larger for SFXTs than for persistent HMXBs (where a power-law is able to reproduce only the very high luminosity tail). Furthermore, SFXTs show a significantly flatter power-law slope than HMXBs.
We suggest that this power-law like behaviour is a possible indication of self-organized criticality and that SFXTs flares could be associated with avalanching resulting in a SOC system when an instability threshold is reached.
Among the several different explanations suggested for SFXTs, the Shakura et al. (2012) model for quasi-spherical accretion seems, to date, to better explain SFXTs and their link with persistent systems (see Drave et al. 2014 , for the application to SFXTs). It predicts the complete collapse of a hot shell of gravitationally captured wind material accumulated above the NS magnetosphere, when it cools below the critical temperature, allowing the onset of Rayleigh-Taylor instability. While persistent accreting pulsars spend most of their life in an efficient Compton cooling regime which allows (and is permitted by) high X-ray luminosities (10 36 erg s −1 ), SFXTs spend most of the time at much lower luminosities (10 33 -10 34 erg s −1 ; Sidoli et al. 2008) where gravitationally captured matter accumulates above the NS magnetosphere and remains too hot to accrete at high rates. At these low X-ray luminosities, the matter is subject only to inefficient radiative cooling which allows a low accretion rate through the NS magnetosphere. At some point, the X-ray luminosity produced by this inefficient accretion can reach the critical X-ray luminosity which is able to trigger efficient Compton cooling of the matter below the critical temperature. This produces the onset of Rayleigh-Taylor instabilities and the complete collapse of the accumulated hot shell, giving rise to a SFXT outburst.
To conclude, we suggest that SFXTs power-law like cumulative luminosity distributions are possibly the consequence of a threshold-nature instability, supporting the Shakura et al. (2012) model for quasi-spherical settling accretion regime.
